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A B S T R A C T
Free radicals and reactive oxygen species (ROS) are generated using various endogenous systems or from ex-
ternal sources such as exposure to diﬀerent physiochemicals. Ionizing radiation damage to the cell can be caused
by the direct or indirect eﬀects of radiotherapy processes. Silymarin (SM), a ﬂavanolignan compound, has been
identiﬁed as a natural potent antioxidant with cytoprotection activities due to scavenging free radicals. The aim
of the present study was to evaluate the radioprotective eﬀect of SM on sperm parameters of mice induced by γ-
rays. A total number of 40 adult, male NMRI mice were randomly divided into four equal groups. The control
group was neither treated with SM nor irradiated by γ-rays. The second group was only irradiated with 2 Gy of γ-
rays. The third group was ﬁrstly treated with 50 mg/kg of SM for 7 consecutive days, and one day later, last
injections were irradiated by 2 Gy of γ-rays. The fourth groups received only 50 mg/kg of SM for 7 consecutive
days. All the animals were treated intraperitoneally. Histopathological and morphometrical examinations were
performed. The data were analyzed using ANOVA and Tukey post hoc test. A value of p < 0.05 was considered
signiﬁcant. The results showed that in the radiation-only group when compared with those treated with SM and
irradiated, a signiﬁcant diﬀerent was observed in testicular parameters and DNA damage (p < 0.05). In con-
clusion, SM can be considered as a promising herbal radioprotective agent in complementary medicine which
may play an important role to protect normal spermatocytes against possible eﬀects of γ-radiation-induced
cellular damage.
1. Introduction
Spermatogenesis is a highly synchronized, regular, long and com-
plex process that takes place in the germinal epithelium of the testes
[1]. The seminiferous tubule within the testes is sensitive to en-
dogenous or exogenous stresses. Exposure of testes to such stressors
may aﬀect somatic testicular cells or germinal cells at diﬀerent stages of
diﬀerentiation, leading to temporary or permanent irreversible in-
fertility [2–4]. Among potential reproductive toxic agents, ionizing and
non-ionizing radiation have been extensively studied that can aﬀect the
fertility and reproduction. Among potential reproductive toxic agents,
ionizing and non-ionizing radiation have been extensively studied that
can aﬀect the fertility and reproduction [5–9]. Payne CM. et al. showed
that 24 h after the mice were exposed to 1–4 Gy γ radiation, increases
the frequency of apoptosis in the germ line cells was found [10]. It has
also been found, morphological changes and azoospermia were ob-
served following the mice testes irradiated with γ-ray [11]. Ionizing
radiation, e.g. X- and γ-ray, may induce DNA damages resulting in
mutation in gametes; thus, this could produce congenital diseases and
malignancies in the next generation(s) [12]. X- and γ-ray can aﬀect the
cells directly/indirectly and produce free radicals, oxidative stress and
reactive oxygen species (ROS) [13]. Furthermore, ionizing radiation
can damage intra/extra cellular signaling, and induce DNA damages,
mutation and cancer [13]. Radioprotector agents can protect normal
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cells against the destructive eﬀect of radiation in radiotherapy. Normal
cells that surround a tumor in the pelvic area may be reproductive cells
with a high mitotic index. This shows the eﬀect of the radioprotectors
and the radiation [14]. Prostate is one of the organs near the re-
productive system. Prostate cancer is usually treated using X- or γ- ray
of accelerators, 125I or 60Co. X- and γ-ray are categorized as low LET
radiation (LET: linear energy transfer). Radioprotectors can save
normal tissues due to scavenging of free radicals [15]. Radioprotectors
decrease bystander eﬀects of ionizing radiation, consequently, reducing
the side eﬀects of radiotherapy [14]. Application of radioprotectors,
which are mainly chemical drugs as well as antioxidants, has a long
history. Radioprotectors play their roles via the following processes:
free radical scavenger, hydrogen atom detonation and electron transfer,
detoxiﬁcation of metabolic elements, DNA repair, and activation of
cytokines or melatonin hormone [14,16]. Silymarin (SM), a hydro-al-
coholic extract from the Silybum marianum (milk thistle) plant, con-
sisting of a mixture of the six ﬂavonolignans (silychristin, silydianin,
silybin A, silybin B, isosilybin A and isosilybin B) and one ﬂavonoid.
These compounds represented together about 65–80% of the total ex-
tract composition [17–20]. In recent years, SM is widely prescribed as a
complementary and alternative treatment in preventing and reversing
various diseases/disorders [18,19,21]. Moreover, SM has been shown
to be more potent in antioxidant capacity as compared to vitamin E
[20,22]. Based on some studies, SM act as a radioprotective agent
against radiation induced hepatotoxicity in rat [23]. In an in-vitro
study, Adhikari et al. showed that speciﬁc dose (25 μg/ml) of SM can
ameliorate the deleterious eﬀects of γ–radiation on human embryonic
kidney cells. They revealed that nano-Silymarin was radioprotective,
supporting the possibility of developing new approaches to radiation
protection via nanotechnology [24,25]. Deep and Agarwal showed that
SM, with targeting signaling molecules, could adjust the process of
epithelial mesenchymal transition, protease activation, adhesion and
prevention of metastasis [26]. SM is a non-toxic bioactive component
that has radioprotective and detoxiﬁcation capabilities. As in vitro and
in vivo studies indicated that silibinin, one of the structural isomers of
silymarin, has a strong radiopotective to prevent gamma radiation-in-
duced DNA damage [27], and also reduced some of the toxic eﬀects of
methotrexate (MTX) in mice testicular tissue [28]. Meanwhile chen
et al have reported that silymarin, as a hepatoprotection agent, has the
potential antiﬁbrotic activity against thioacetamide (TAA)-induced
liver ﬁbrosis in mice [29]. In the present study, the eﬀects of two doses
of SM on NMRI mice irradiated with a total dose of 2 Gy γ-rays was
determined to evaluate sperms parameters.
2. Methods and Materials
2.1. Animals and Ethics
In this study, 40 Adult male NMRI (The Naval Medical Research
Institute) mice, weighing 36–41 g, pathogen free and purchased from
the Pasteur Institute, Tehran, Iran, were used. They were kept in an
animal house with good conditions, given standard mice clear Plexiglas
box, water ad libitum, controlled artiﬁcial lighting of light/dark
(12:12 h, light from 8 to 20), and temperature of 23 ± 2 °C. All pro-
cedures were approved by the Institutional Animal Care of the
Shahrekord University of Medical Sciences (SKUMS), Shahrekord, Iran
(Ethical code: IR.SKUMS.REC.1396.20).
2.2. Gamma Irradiation
Gamma irradiation was performed by applying a Cobalt-60 source
(Theratron 780C, Atomic Energy of Canada Limited, Kanata, ON,
Canada), at the Shohadaye Hafte Tir Hospital, Tehran, Iran. The char-
acteristics of the source were: half life: 5.27 years, dose rate:
0.5 Gy min−1, medium energy: 1.25 MeV. The source had a diameter of
20 mm. The source to skin distance (SSD) was 80 cm and the collimator
to isocenter distance (CID) was 30 cm. The mice were put in a venti-
lated Plexiglas cage (with size of 10 × 10 × 8 cm), and then all mice
were irradiated with a total dose of 2 Gy γ-rays, at room temperature of
23 ± 2 °C. The reason for applying this dose of radiation is because
each fractionation dose in radiotherapy for human prostate cancer
treatment is 2 Gy.
2.3. Animal Grouping and SM Administration
The mice were randomly and equally divided into 4 groups of 10.
The ﬁrst group, control group: was neither treated with SM nor irra-
diated by γ-rays. The second group was only irradiated with 2 Gy of γ-
rays. The third group was ﬁrstly treated with 50 mg/kg of SM (regis-
tered with Herbarium Code: 172 in Medical Plant Research Center in
SKUMS) and then 24 h later, last injection were irradiated with 2 Gy of
γ-rays. The fourth group received only 50 mg/kg of SM for 7 con-
secutive days. The solution of SM was administered intraperitoneally
for 7 consecutive days.
2.4. Testes Weight Measurement & Sperm Collection
The following procedures were performed in order to ascertain
protective eﬀects of SM. Twenty four hours after γ irradiation, mice skin
was sterilized with ethanol, and they were sacriﬁced by cervical spine
dislocation method under anesthesia using chloroform. In the next step,
to show the abdominal cavity of the mice, the skin and peritoneum of
each mouse were removed. Then, epididymis tubule of the mice was
transferred to a Petri dish including Ham's F-10 culture media (Gibco
Labs, Grand Island, NY; #450-1200). Temperature of the Petri dish was
already balanced to the room temperature using an incubator
(Memmert, Germany). After that, the tail of epididymis was dissected,
and vasodefrens duct divided into eight smaller pieces. The cauda
epididymal sperm was transferred to the culture medium for sperm
preparation, and for sperm capacitating, the cells were kept in a 37 °C
incubator with 5% CO2 for 1 h. Finally, the weight of the testes (ex-
cluding epididymis) was measured using a digital scale (Sartorius;
model-BL210S). The accuracy of the measurement was± 0.01 mg with
a precision of± 0.001 mg.
2.5. Sperm Parameters Evaluation
2.5.1. Sperm Count and Sperm Motility
The total sperm count and motility were calculated using the
method previously described [30]. In brief, for sperm count 20 μl of the
diluted sperm was transferred into a hemocytometer using a Pasteur
pipette (Thoma, Assistant Sondheim/Rhön, Germany), and kept for
10 min in order for sperm to reach the counting location. Next, 1 ml of
the culture media and sperm was diluted and ﬁxed with 9 ml of for-
malin 2%. Using a light microscope (Olympus BX51, Germany), and
under magniﬁcation of 400×, the sperms were counted from 5 squares
of 25 and the average was calculated. The counting was repeated 3
times for each sample and the mean of the values was allocated as
sperm frequency of each specimen. For sperm motility, brieﬂy 10 μl of
the prepared suspension was placed on a special slide. At least, 5 mi-
croscopic ﬁelds were assessed for sperm motility, and it was performed
for 200 sperm of each sample. The motility index was classiﬁed as
“immotile-”, “in-situ-” (sperm ﬂagella beating without midpiece
movement) and “progressive-” movements. Sperm were counted as
“motile” when they either exhibited progressive movement or sponta-
neous ﬂagellar beatings if the sperm head is attached to the glass slide.
Three independent experiments analysis were performed for> 100
sperm for each condition.
2.5.2. Sperm Viability and Sperm Morphometry Analysis
To evaluate the viability of sperm, Eosin-Nigrosin staining tech-
nique was used as previously described with a slight modiﬁcation
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[31,32]. Brieﬂy, Eosin 1% (Merck, Darmstadt, Germany) and Nigrosin
10% (Merck, Darmstadt, Germany) were prepared in distilled water.
Firstly, one volume of sperm suspension in culture media was mixed
with two volumes of 1% eosin. Secondly, after keeping the suspension
in the 37 °C incubator for 30 min, an equal volume of Nigrosin was
added to the Eosin-sperm suspension. Thirdly, a thin slice of the sus-
pension was prepared and dried in the laboratory temperature. In the
prepared slice, normal live sperm appeared white in color; whereas, it
was pinkish for the dead sperm (those with loss of membrane integrity
because of eosin up take). Finally, the viability of sperm was de-
termined using the light microscope with magniﬁcation of 1000×. For
the assessment of sperm morphometry, microscope stained glass slides
were prepared and considered to evolution of changes in sperm mor-
phometric including; cytoplasmic droplet, amorphous head, as well as
coiled or curled tail. For each specimen, 100 sperm were scored using
the light microscope under magniﬁcation of 1000×. In this part of the
experiments, frequency of the sperm with normal morphology was
evaluated. The counting was repeated 3 times for each sample. Finally,
average values were calculated.
2.5.3. Quality of Sperm Chromatin
Using the thin dried slice of the prepared suspension, the sperm
spreads were stained with Acridine orange to evaluate DNA integrity
using method described by Tejada et al. [31]. A ﬁxator solution was
made using methanol and acetic glacial acid (3:1) in which the sperm
spreads were ﬁxed in 4 °C for 14 h. Then, the spreads were stained
applying Acridine crydin orange (0.19 mg/mL; Sigma Chemical Co, St
Louis, USA) in phosphate citrate buﬀer with pH of 2.5 for 10 min in
darkness. In the next step, the samples were slightly washed with water
for 5 min, and dried in the laboratory temperature. The preparations
were evaluated using a ﬂuorescent microscope (Leitz, Germany; at the
excitation wavelength of 450–490 nm) by the same examiner under
magniﬁcation of 1000×. Two staining patterns were used for the
sperm head as follows: 1) normal status of chromatin (sperm with green
head aﬃrmed as double stranded DNA) and 2) damaged chromatin
(including yellow head as single stranded DNA and orange-red head as
denaturized single stranded DNA). At least 100 spermatozoa were
evaluated in each sample to determine percentage of the single and
double strand DNA of the sperm.
2.5.4. Evaluation of Replacement Protamine by Histone
In this part of the work, for analysis of replacement of protamine by
histone in nucleus chromatin during spermiogenesis, the sperm were
ﬁxed in formalin 4% for 5 min and then they were washed with distilled
water. Next, the slides were stained with 5% aqueous Aniline Blue
(Sigma Chemical Co. Poole, U.K.) prepared with 4% acetic acid
(pH 3.5) for 5 min [33]. In the next step, the samples were washed with
distilled water for 5 min. Finally, the samples were stained with Eosin
0.5% for 1 min and then dried in at laboratory temperature. The sperm
were evaluated using the light microscope with magniﬁcation of
1000×. Under the microscope, the immature sperm with high histone
showed grayish dark blue color in their nucleus and mature sperm head
were pale, as they include protamine. At least, 100 sperm were eval-
uated to ﬁnd the mature or immature sperm.
2.6. Statistical Analysis
The ANOVA test was applied to compare the averages of the da-
mages within the each group; i.e. SM or γ irradiation group, and Tukey's
post hoc test was used to compare the four groups. SPSS software
(Version 19; SPSS Inc., Chicago, USA) was used for the statistical ana-
lysis. The p-value was considered for two-sided test at statistically
signiﬁcance level of 0.05 or less.
3. Results
Details of diﬀerent sperm parameters evaluated in the present study
are summarized in Table 1. Furthermore, sperm with morphological
abnormalities, DNA integrity and replacement of protamine by histone
in nucleus chromatin, are presented in Figs. 1 to 3, respectively.
3.1. Testes Weight
As shown in Table 1, the weight of the mice testes signiﬁcantly
decreased in the 2nd group (γ irradiation alone) in comparison with the
control group (p = 0.009). In contrast, comparing the 3rd group [SM
(50 mg/kg) & γ-ray] with the 2nd group, a signiﬁcant increase was
observed in the testes' weight (p = 0.01). Furthermore, a signiﬁcant
increase was seen when the 4th [only SM (50 mg/kg)] and 1st groups
(p = 0.017) were compared. With respect to the testes weight, a sig-
niﬁcant diﬀerence between the 4th and the 3rd groups (p = 0.036) was
also found.
3.2. Sperm Count and Sperm Motility
As compared to the control group, the data demonstrated that the
average frequency of sperm signiﬁcantly decreased in group 2
(p = 0.009). Contrary to this, it signiﬁcantly increased when the results
of the 3rd group were compared with those of the 2nd group
(p = 0.01). Additionally, average of the 4th group was remarkably
higher than that of the 3rd group (Table 1). The sperm motility results
show that the percentage immotile sperm was signiﬁcantly increased in
group 2 as compared control group (p = 0.007). In contrast, a sig-
niﬁcant decrease in immotile sperm was observed when the 3rd group
was compared with the 2nd group (p = 0.019). Furthermore similar
results were obtained for the in-situ type of motility with statistical
diﬀerence (p = 0.014). Contrarily, when compared with the control
group, the progressive motility type signiﬁcantly decreased in the 2nd
group (p = 0.005). However, this type of motility signiﬁcantly in-
creased when the 3rd (p = 0.01) group was compared with the 2nd
group.
Table 1
The mean ± SEMd values of diﬀerent sperm parameters as found in the present study for diﬀerent groups.
Group testis weight
(g)
Sperm count
×106
Sperm viability Sperms with normal morphology Sperm motility
Immotile In-situ Progressive
1: Control 3.93 ± 0.22 47.62 ± 0.46b,c 71.84 ± 2.04 83.31 ± 3.1 26.07 ± 1.2 17.83 ± 0.74 59.78 ± 0.32
2: γ irradiation alone 1.64 ± 0.07a 19.74 ± 0.04a 43.97 ± 2.31a 50.06 ± 2.27a 41.15 ± 2.84a 28.13 ± 1.73a 36.7 ± 1.68a
3:Silymarin (50 mg/kg) & γ-ray 3.13 ± 0.15b 29.8 ± 0.04b 52.04 ± 3.5 66.02 ± 1.29b 32.57 ± 0.29b 24.22 ± 0.82b 47.52 ± 1.04b
4:Silymarin (50 mg/kg) 4.08 ± 0.04a,c 53.12 ± 0.24 84.17 ± 1.66a 94.23 ± 1.37a,c 17.42 ± 0.35a,c 13.07 ± 1.26c 67.42 ± 0.09c
a p-Value≤ 0.05 vs. control group.
b p-Value≤ 0.05 vs. γ irradiation alone.
c p-Value≤ 0.05 vs. Silymarin (50 mg/kg) & γ-ray.
d SEM: standard error of the mean.
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3.3. Sperm Viability and Sperm Morphometry
The sperm viability signiﬁcantly decreased when the 2nd group was
compared with the control group (p = 0.006). In contrast, sperm via-
bility increased in the mice of groups 3 but was not statistically sig-
niﬁcant. A signiﬁcant diﬀerence was seen for the sperm viability when
the 4th group was compared with the 1st group (p = 0.001) (Table 1).
Sperm morphometric results show that the average frequency of sperm
with normal morphology, signiﬁcantly decreased for the 2nd group
when was compared with the control group (p= 0.0001), also, in
comparison with the 2nd group, the average was signiﬁcantly diﬀerent
for the 3th group (p = 0.038). As sperm with three types of morpho-
logical abnormalities shown in Fig. 1: sperm with coiled or curled tail
(Fig. 1A), sperm with amorphous head (Fig. 1B) and sperm in which
cytoplasmic droplets are along its tail (Fig. 1-C). In addition a sig-
niﬁcant diﬀerence was observed for the sperm morphology when the
4th group is compared with the 1st group (p = 0.024).
3.4. Quality of Sperm Chromatin
The frequency of the sperm with damaged chromatin increased
signiﬁcantly in the 2nd group (p = 0.035) when compared with the
control group. In contrast, when the 3rd group was compared with the
2nd group, a signiﬁcant decrease was seen in the sperm with damaged
chromatin (p = 0.014). There was no diﬀerence between the 3rd and
the 4th groups. Fig. 2-A show a normal status of sperm chromatin (1st
group) and 2-B illustrate a damaged chromatin of sperm's head re-
garding DNA integrity in the 2nd group. Furthermore, Fig. 2-C and -D
illustrates adjusting and inhibition of DNA damaged sperm in the 3rd
and 4th groups, respectively.
3.5. Evaluation of Replacement Protamine by Histone
Comparing the control and the 2nd groups, the frequency of the
immature sperm signiﬁcantly increased (p = 0.01). However, when the
3th group was compared with the 2nd group, a signiﬁcant decrease was
seen in the frequency of immature sperm (p = 0.026). Abnormal re-
placements of the protamine by histone in sperm are demonstrated in
Fig. 3. As shown, the head of the normal sperm is red-orange in color.
Fig. 3-A shows mature sperm with protamine in the nucleus. Fig. 3-B
shows an abnormal illustration of the mice sperm of the 2nd group with
its head being dark blue in color, since it includes a lot of histone.
4. Discussion
The present research shows that SM protects sperm of the NMRI
mice irradiated with 2 Gy of γ-rays since SM improved sperm para-
meters of the mice. Ionizing radiation including γ-rays could disrupt the
endocrine system and change concentration of hormones such as fol-
licle stimulating hormone (FSH), luteinizing hormone (LH) and testos-
terone [34]. Additionally, ionizing radiation could destroy tissues such
as seminiferous tubules, Sertoli cells (a “nurse” cell of the testicles
which is a type of somatic cell around which, spermatids develop in the
seminiferous tubule that can lead to progression of the process of
spermatogenesis), or cause disorder in antioxidant system of epidi-
dymis' sperm via induction of oxidative stress [35]. Furthermore, io-
nizing radiation can damage sperm' DNA and change its instruction;
consequently, it will change the capacity for conception [3,35]. More-
over, exposure to radioactive materials could induce the same eﬀects on
the sperm and will change parameters such as sperm viability and
motility, resulting in defect in the conception process [36]. Despite the
negative eﬀects of ionizing radiation such as γ-rays, radiotherapy is an
eﬀective modality for cancer treatment. Studies reported that radio-
therapy is the main treatment modality in 52% of cancers [37]. How-
ever, it could induce short- and long-term eﬀects in the normal tissues
around the tumor. Hence, cancer patients are compelled to be irra-
diated with ionizing radiation; however, they will face side eﬀects due
to the irradiation [12,13]. SM is an herbal strong non-enzyme anti-
oxidant that can protect the reaction of lipid peroxidation in the cell
membranes. This is done by limitation in behavior of free radicals;
consequently, the cell membrane is protected against the injuries in-
duced by free radicals [21,24,28]. Irrespective of the mechanism in-
volved, SM has been shown to protect the genome from mutations and
damages, also the function of cells within tissues stimulates protein
synthesis (such as glutathione); an increase in the production of new
cells to replace the damaged ones, in particular, play a critical role in
many tumors to reduce the side eﬀects during long-term radiotherapy
and chemotherapy treatment for normal tissues adjacent tumors
[14,16,23]. A wide range of antioxidant compounds were applied as
radioprotective. In the study carried out by Katiyar SK. et al. reported
that SM due to the antioxidant eﬀect applied as a radioprotective agent
against the skin of the mouse irradiated with UV-rays [38]. Results of
the present study conﬁrm that SM is a radioprotector, as sperm viability
in group 3 [SM (50 mg/kg) & γ-ray] was signiﬁcantly higher than that
of group 2 (γ irradiation alone). Furthermore, the average frequency of
sperm with normal morphology in group 2 was signiﬁcantly lower than
Fig. 1. Three morphological abnormalities of the NMRI mice sperm found in the 2nd group (γ irradiation alone). A) Sperm with coiled or curled tail. B) An amorphous head sperm. C)
Cytoplasmic droplets along the tail of the sperm which may indicate an immature sperm. The staining was performed applying Eosin–Nigrosin with magniﬁcation of 1000×.
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that of the control group, while it increased for the groups treated with
SM (groups 3 and 4) and signiﬁcantly diﬀerent for the 4th group.
Therefore, the results of the current study reveal that the mean fre-
quency of sperm in group 2 was lower than that of group 3 and it was
signiﬁcantly diﬀerent from that of group 4. In support of this, in the
study conducted by Marzban et al. on eﬀects of gamma rays on histo-
logical and histomorphological parameters of seminiferous tubules and
the biological characteristics of Leydig cells, it was shown that SM can
be used with radiation therapy to prevent male reproductive function
[39]. Furthermore, a report suggested that SM decreased the toxicity of
Cisplatin in the liver with scavenging free radicals and activation of
antioxidant enzymes as well as reduce Glutathione (GSH) [40]. Sperm
viability and motility are the most important parameters that measure
sperm membrane integrity and sperm conception capability [33,36].
Sperm membrane of mammalians has a lot of non-saturated fatty acids
which make it sensitive to lipid peroxidation of oxidative stress that
cause decrease in intracellular ATP and sperm viability as well as sperm
motility [36]. Therefore, changes in the sperm viability and motility
found in the current study are probably due to the induction of oxi-
dative stress produced by lipid peroxide of the sperm membrane. Since
SM has antioxidant property, it can increase sperm defense antioxidant
system and increase sperm viability and motility [24,27]. This char-
acteristic of SM is similar to the eﬀects of superoxide dismutase, glu-
tathione peroxidase and catalase [21,24]. Chromatin and ﬂagellum of
the mammalian sperm has a lot of protamine enriched with thiol and
sulfhydryl groups for cross linking. Additionally, semen has various
antioxidants such as taurine, vitamin C, catalase, superoxide dismutase
which prevent sperm against oxidative stress. It also keeps sperm mo-
tility in conditions where sperm is not in the seminal plasma
[11,27,35]. Reduction in frequency of progressive sperm shown in the
present study probably has two reasons. Firstly, it could be due to
connection (crosslink) between free radical and thiol-sulfhydryl groups
of the protein of the sperm; secondly, it might be due to inhibited mi-
tochondrial enzyme that is responsible for sperm motility [41]. Free
radicals, also generally called oxidants, are generated from normal es-
sential metabolic processes in the cells or from external sources such as
Fig. 2. DNA integrity of the NMRI mice sperm found in the present study. A) Representation of a normal status of sperm chromatin with green color in the control group. B) A damaged
chromatin of sperm of the 2nd group (γ irradiation alone) with its head being orange in color. C) & D) Two illustrations of adjusting and inhibition of DNA damaged sperm (red arrows) in
the 3rd (50 mg/kg SM & γ-ray) and 4th groups (100 mg/kg SM & γ-ray) of the study, respectively. The white arrows show damaged sperm. Staining was performed applying Acridine
orange with magniﬁcation of 1000×. (For interpretation of the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
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exposure to physical and chemical agents. Normally, the body's ability
to regulate free radicals, but if antioxidants are unavailable, or if the
free-radical levels become excessive, can attack a number of macro-
molecules including lipids, proteins and DNA as a consequence cell
damage and even death can occur. Therefore application of external
source of antioxidants, chemical and herbal compounds, can assist in
coping directly with ROS preventing oxidative damage. Antioxidants
play important roles in the prevention of free radical formation and
help to prevent or reduce various disorders [42–46]. Silymarin, as
natural active phytochemical has antioxidant properties by scavenging
free radicals as well as ROS production. Moreover SM can protect or-
gans from oxidative damages through decreasing stress oxidative re-
sulting save the cell against apoptosis [23,24]. Furthermore, the point is
that protective and noninvasive eﬀect of SM has no considerable toxi-
city [27,28]. In summary, results of the mentioned studies and current
research show that SM acts as a radioprotector. Although, the exact
mechanism is not clear yet, SM may play main role in adjustment of the
sperm cell membrane permeability, restraining 5-lipoxygenase pathway
and ROS, and decreasing DNA damages, by preventing necrosis factors
(NF-ƙB) [21,23,27]. All aerobic living creatures encounter a paradox
named molecular oxygen (O2). On one hand, aerobic life is completely
dependent on O2; on the other hand, cell O2 could create products such
as OH°, anion peroxide (O2°), and hydrogen peroxide (H2O2) during
chemical reactions, after irradiation with ionizing radiation. These
products have negative eﬀect on the function and structure of the living
cells and could be a reason for cell death [33,36]. It is believed that O2
is a two-edge-blade. The derivatives of O2 known as ROS are the main
factors that induce infertility in men. ROS has a dual eﬀect on the
function and structure of the sperm cell. While it is necessary for some
normal processes of acrosomic reactions in sperm cells, it (in high
concentration, known as oxidative stress) could restrain motility of the
sperm and change its morphology, resulting in sperm infertility. Thus,
basis on such data, pretreatment with SM oﬀers protection to normal
spermatocytes against possible the eﬀects of γ-radiation-induced cel-
lular damage. Fortunately, SM possesses wide range of in vitro and in
vivo studies at various levels. Since successful development of radio-
protectors needs a clear understanding of molecular radiobiology, tis-
sues' response to ionizing radiation, and diﬀerentiation between normal
cells and tumor. Therefore, this work will make for another issue of SM
as a radioprotective agent in the future.
5. Conclusion
In conclusion, our ﬁnding show that the SM as an active phyto-
chemical can be a factor inﬂuencing maintenance of sperm character-
istics following gamma irradiation exposure which may act by pre-
venting the stress oxidative and inﬂammatory activity as well as
enhancing the antioxidant defense system or regeneration of sperm
cells. Hence, it can be considered as an herbal radioprotective agent in
complementary medicine to prevent or reduce adverse eﬀects during
long-term radiation therapy.
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